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A note on the transport of the Brazil Current
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Abstract. Stommel’s hypothesis on the influence of
the thermohaline circulation on the transport of the
Brazil Current 1s illustrated using the product of Semt-
ner and Chervin’s model. The velocity distribution
along specifically chosen zonal sections is analyzed. A
procedure of singling out the thermohaline component
of the circulation is suggested and the significance of
the component is proved.

Stommel [1965; p. 170] was the first to argue that the
relatively low magnitude of the transport of the Brazil
Current is due to the influence of the thermohaline com-
ponent of the general circulation. The purpose of this
note is to illustrate this point by using the product of
Semtner and Chervin’s primitive equation global model
[Semtner, 1995, a, b; Stammer et al., 1996].

The model 1s described as POCM. 4A in Stammer et
al. [1996]. Seminer and Chervin [1992] give the basic
model formulation. The model has a resolution of .4
degrees in longitude, latitudinal spacing equal to .4 de-
grees times the cosine of latitude (average .25 degrees),
and 20 vertical levels. Surface winds interpolated from
monthly fields from the ECMWF analysis are applied
[Trenberth et al., 1989]. The present work is based on
the time mean over 3 3/4 years produced by Semtner
and Chervin (from April 1986 through December 1989).
An analysis of the model in relation to observations can
be found in Stammer et al. [1996]; the comparison of a
previous version of the model with observations for the
Brazil Current was presented by Garzoli et al. [1992].

Figure 1 shows the transport stream function ¥ for
the region between latitudes 4.6°S and 49.2°S, calcu-
lated from the model cutput according to the following

formula:
A 0
(/ (1)
Ay J-H

where X is the longitude; ¢ is the latitude; A, is the lon-
gitude of the western coast; a is the Earth’s radius; H is
the depth of the ocean; and v is the meridional velocity.

U= vdz)acosg dA
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The Brazil Current is clearly seen on this figure. For
the analysis we select five zonal sections: one is located
approximately at the source of the current (19.8°S), an-
other one at the latitude of the maximum strength of
the current (31.0°S), and the rest at some intermediate
latitudes (23.5°S, 26.1°S and 28.9°S). Here we study
only the meridional velocity field along these sections,
with no explicit analysis of temperature and salinity.
The Sverdrup relation is expressed as:

BV = curl,t (2)
where 3 is the latitudinal variation of the Coriolis pa-
rameter, V = fEHvdz is the vertically integrated

meridional velocity, and po7 is the wind stress (pg is
the mean density). We define the Sverdrup transport
stream function as:

1 [re
Usy(A, ¢) = _B/,\ (curl,m)acosg dA

(3)
where A, is the longitude of the eastern coast. This
definition implies that ¥g, equals zero at the eastern
coast. The Sverdrup transport stream function is given
in Figure 2 (for the latitude band 4.6°S-35°S).

The meridional velocity along the western part of the
zonal sections is shown in Figure 3.

It is useful to check the validity of the Sverdrup re-
lation (2) against the data of Semtner and Chervin’s
model for our sections (Figure 4). As expected, the
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Figure 1. Isolines of the transport stream function
according to Semtner and Chervin’s model. Contour
interval is 10 Sv. The location of five sections selected
for the analysis is indicated.
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Figure 2. Isolines of the Sverdrup solution (3). Con-
tour interval is 5 Sv. The location of the sections of
Figure 1 is indicated.

Sverdrup relation does not hold in the western bound-
ary layer, marked by vertical dashed lines (the boundary
between the western boundary region and the interior
is marked as “w”). Outside of the western boundary
region, the Sverdrup relation holds for the section at
19.8°S, except for local discrepancies at 8°W and at
5°E. Similar deviations occur at 13°W, 10°W and 3°E
for the section at 23.5°S. The agreement is also reason-
ably good for the section at 26.1°S, except for deviations
which are of a smaller amplitude than in the previous
section but more spread out. At 28.9°S there is a lo-
cal deviation at 10°W, and noticeable deviations east
of this location. For the section at 31.0°S, deviations

-40.20

-38.20

26.1S

in the open ocean (away from the eastern and western
boundaries) are larger than for the other sections, but
still the agreement is satisfactory. In the eastern part of
this section the Sverdrup relation is evidently not valid,;
the deviation is due mainly to upper flows (not shown).
From an analysis of instantaneous fields it is quite clear
that the current in this region is strongly influenced by
eddies shed from the Agulhas Retroflection Current and
therefore is governed by high order dynamics. A com-
parison of the model Agulhas eddies with observations
was done by Garraffo and Garzoli [1994].

A similar nonuniform character of the validity of the
Sverdrup relation was pointed out in both observational
[Schmitz et al., 1992] and theoretical [Bryan et al., 1995
studies for the North Atlantic. We can think of the de-
viations from the Sverdrup relation in the interior of
the ocean (away from the western boundary) as being
caused by either the existence of bottom flows, or by
high order dynamics. The correspondence of discrepan-
cies with bottom flows can be seen in the southwards
anomalies near 10°W in all sections, (marked “a” in
Figure 4; the sign of the bottom flows is indicated), lo-
cated in the eastward side of the Mid Atlantic Ridge.
Northwards anomalies corresponding with bottom flows
(marked “b”) are present in the sections at 19.8°S and
23.5°S, and are located in the westward side of ridges.
Other bottom flows are marked with their signs in the
sections at 23.5°S, 28.9°S and 31.0°S. We assume that
they are thermohaline-driven (these should be the flows
of Antarctic Bottom Water and branches of North At-
lantic Deep Water). As is well known, under the influ-
ence of bottom topography deep thermohaline flows can
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Figure 3. Meridional velocity along the western part of the sections according to Semtner and
Chervin’s model. Southward velocities are contoured by dashed lines. Contour interval is 1 cm/s.
Model level centers are marked on the right hand side of the figure.
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Model and Sverdrup transport
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Figure 4. Vertically integrated meridional velocity as
a function of longitude for the sections, according to
Semtner and Chervin’s model (thin lines) and to the
Sverdrup relation (2) (thick lines). The vertical dashed
lines indicate the coasts and the western boundary layer
for all sections, as well as the location of the eastern
region for the section at 31°S. “a”, “b” mark the cor-
respondence of deviations with bottom flows. Surface
flows are marked “s”. See text for other notation.
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generate noticeable vertical velocities near the bottom
that destroy the validity of the Sverdrup relation (2).
The largest deviation from the Sverdrup relation due to
the high order dynamics of the upper ocean flow occurs
within the eastern boundary current for the section at
31.0°S. Northwards upper flows (not shown) are also
present in the sections at 28.9°S (as mentioned above,
at 0° and 10°E), and at 26.1°S (3°W and 10°E; all
marked “s”in Figure 4).

We attribute these discrepancies in the eastern bound-
ary layer to the existence of the thermohaline compo-
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nent as well. The reason is that this current plays a
substantial role in closing the global thermohaline cell
[Gordon, 1986; Gordon et al., 1992].

Our principal objective is to separate the contribu-
tion of the wind-driven and thermohaline components
to the total meridional transports through the selected
sections both in the western boundary layer and in the
interior. In observational studies such a separation is
based mainly on the investigation of the distribution of
the characteristics of water masses (temperature, salin-
ity, oxygen, etc.). Here we consider only the velocity
distribution and proceed with the analysis in the follow-
ing way. First, we break down the whole area into the
region near the western coast (western boundary layer)
and the rest of the area (the interior of the ocean). Sec-
ond, to disclose the well-defined current below the level
of about 1300m, we break down the western boundary
layer into the upper layer and the lower layer. From
the model we obtain the total transports in the western
boundary layer (in both upper and lower layers) and. in
the interior (eastwards of locations “w” in Figure 4).
Our analysis is based on the following hypotheses.

1st hypothesis. There is no wind-driven component
of the flow in the lower layer of the western boundary
region. Figure 3 clearly shows that there is almost no
variations in the transport of the flow in the lower layer
for the sections, while the wind-stress curl varies sub-
stantially: all variations of the transport are confined
to the upper layer. We will identify the lower-layer cur-
rent as North Atlantic Deep Water (NADW) flow, and
the upper-layer flow as the Brazil Current. With this
definition, we are including in the “Brazil Current” the
northward flowing Intermediate Water (Figure 3).

2nd hypothesis. Based on the analysis of the valid-
ity of the Sverdrup relation, we assume that the Sver-
drup transport ¥s,(Aw, @), (eq. 3) gives the total trans-
port of the wind-driven component in the interior of the
ocean. The remainder of the total transport in the in-
terior is due to the thermohaline component.

Now we can decompose the total transport in the
interior of the ocean into the wind-driven and thermo-
haline-driven components (Table 1). To show the sensi-
tivity of the method, slightly different ways of separat-
ing boundary layer and interior flows are presented: in
Case 1 the separation between the boundary layer and
the interior follows the exact contours of the flows, and
the boundary between western upper and lower flows
1s at 1335m; in Case 2 the separation between western
boundary and interior follows the vertical line “w” (Fig-
ure 4) with the same horizontal boundary; in Case 3 the
boundary between the western upper and lower flows is
taken at 985m, with the same vertical boundary as in
Case 1. Case 3 is shown for sensitivity estimates. We
consider Cases 1 and 2 to be more adequate.

Since the total transport of the thermohaline circu-
lation across a whole section is equal to zero, we can
immediately find the transports of the thermohaline
component of the Brazil Current; this component seems
to be the northwards flowing Intermediate Water (Ta-
ble 1). Then we obtain the wind-driven component of
the Brazil Current {Table 1).
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Table 1.
Section Total TH W Total TH w
nd. Layer Interior

Case 1 Upper (Brazil)

19.85 5.7 12.2 65 83 1.8 6.5

23.55 6.3 128 -6.5 104 3.9 6.5

26.18 -7.2 5.8 -13. 266 136 13

28.9S -17. 7. -24. 358 118 24

31.0S -271 79 -35.  46. il. 35.
Lower (NADW)

19.8S -14. -14. 0

23.58 -16.7  -167 0

26.1S -19.4  -194 0O

28.9S -18.8 -188 O

31.08 -189 -189 O

Case 2 Upper (Brazil)

19.8S 6.8 133 65 6.8 3 6.5

23.58 5.6 12.1 6.5 104 3.9 6.5

26.18 =73 5.7 -13.  26.1 131 13.

28.9S -17.8 6.2 -24. 352 112 24,

31.08 -27. 8. -35.  45. 10. 35.
Lower (NADW)

19.88 -13.6  -136 0

23.58 -16. -16. 0

26.1S -18.8 -188 0

28.9S -174  -174 0

31.0S -18. -18. 0

Case 3 Upper (Brazil)

19.8S 6.7 13.2 6.5 83 1.8 6.5

23.58 4.3 10.8 -6.5 126 6.1 6.5

26.18 -8.2 48 -13. 285 155 13.

28.95 -1566 84 -24. 364 124 24.

31.0S -24.2 108 -35. 46, 11 35.
Lower (NADW)

19.88 -15. -15. 0

23.58 -169 -169 0

26.1S -203 -203 O

28.9S -208 -208 0

31.08 -21.8 -218 0

Table 1. Transport of the thermohaline (TH) and

wind-driven (W) components of the Brazil Cur-
rent, North Atlantic Deep Water flow, and the
interior motion for the selected sections in Sv.
Positive numbers indicate northward transport.
Cases 1, 2 and 3 are described in the text. The
lower layer flow across the whole Atlantic ranges
from -17.8 Sv to -18.4 Sv for all the sections.

From Table 1 we see that the thermohaline compo-
rent contributes substantially to the total transport of
the Brazil Current (e.g. 30% of the total at 31.0°S);
this is in full agreement with Stommel’s hypothesis.

We note that there are two values of the transport
of the thermohaline component of the upper western
boundary flow: 6-8Sv for 26.1°S to 31.0°S and 12-13Sv
for 19.8°S to 23.5°S, for Case 1. We can interpret this
results as follows: the part of the thermohaline circu-
lation in the interior of the southern sections (which
starts with the Agulhas-Benguela system), migrates to
the west where it merges with the western boundary
in the northern sections. The upper western boundary
current changes sign, being southwards for the southern
sections and northwards for the two northern sections.

We can conclude that the importance of the ther-
mohaline circulation in the western South Atlantic im-
plies that any relevant regional model of the Brazil Cur-
rent has somehow to take into account the thermoha-
line component of the current. The difficulty is that

the thermohaline component is generated beyond the
region of the subtropical gyre.
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